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ABSTRACT 



A phase detector includes a mixer circuit responsive to an 
input signal and a reference signal to produce an error signal 
which is a function of the phase difference between the input 
signal and the reference signal; a phase shifting circuit varies 
the phase difference between the input and reference signals; 
a control circuit responsive to the error signal provides a 
drive signal to the phase shifting circuit to set to quadrature 
the phase difference between the input and reference signals; 
and a phase indicator device responsive to the drive signal 
indicates the phase difference between the component and 
reference signals. 

22 Claims, 5 Drawing Sheets 
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PHASE DETECTOR It is a further object of this invention to provide such an 

improved phase detector which is insensitive to component 
FIELD OF INVENTION ga i n drift. 

This invention relates to an improved phase detector, and It is a further object of this invention to provide such an 
more particularly to such a phase detector usable in a range 5 improved phase detector which is insensitive to spurious r.f. 
detector. signals and other interference even in or near the carrier 

band. 

PROVISIONAL APPLICATION It k a ^ object of this invention tQ provide ^ m 

This application claims the benefit of U.S. Provisional improved phase detector which can resolve extremely small 

Application No. 60/022,959 filed Aug, 1, 1996. 10 phase differences. 

RFT ATFn pace It is a further object of this invention to provide such an 

KbLAlbU LAivb improved phase detector which can resolve extremely small 

This application is a continuation-in-part of a U.S. patent phase differences representing time differences of less than 

application Ser. No. 08/908,219 filed Aug. 7, 1997 entitled 200 femptoseconds. 

"Feedback Controlled Constant Input Radiation Detector for 15 It is a further object of this invention to provide such an 

a Phase Detection System", Dillon et al., filed concurrently imgrpv 1 ^ of 

herewith. uridef 200Tempto's^ 



BACKGROUND OF INVENTION 



f r^u^i^inWrange o f eoHMHz. 
20 ^The- invention results from the realization that a truly 

Phase detectors are often used in range detector and effective low cost, low frequency, high resolution, low noise 

communication systems. In range detector systems, for phase dete ctor su itable for use in a range detector can be 

example, the phase difference between a transmitted radia- achieved l^pseTti n^at'^TTa'UFS lure * trie"* p hase * diffe re n ee.-> 

tion signal and the return signal reflected from a target can b£tween"a^feTeTfcTb¥^ input modulated * 

be used to determine the target range. The trend toward ^ JameFsignalwtfraTthl^^ 

higher and higher resolution has driven the demand to the a^^a^nnming the phase" shift from the drive signal that 

millimeter and submillimeter ranges. A number of different sei§*tb^^h^^difference~ to Quadrature ^nd the further 

approaches have been tried. Optical triangulation schemes, reaiization»that by'cho^ping^the Tadiation at a lower fre- 

e.g., photo grammetry, structured light projection systems, queney*an T d^detectirig the" hull of the chopped frequency at 

can perform in the 0.1 millimeter range but they require 3Q the^ehopped^mixer- output, the effects of d.c. offset and' 

skilled labor and substantial time to set up in each applica- spu*n'ous?r!f ^signals' are avoided. ' 

tion and are quite expensive. Interferometric schemes, e.g., E -TlS^^S^SP^MiS a'quadrature phase detector 

tracking interferometers perform in the 0.1-0.01 millimeter incra^BfTOixeT circuit responsive to an input signal and a * 

range but are difficult to install and set up and are very referenee'Wprtfduce Inerrof signal which is a function of 

expensive. Further, in setting them up, a stylus with a cat's 35 thetphase-differ^ thFin^tJi^T^^elence 

eye or cube reflector or other cooperative target has to be sigiialj3&ere4s«a k phasS'sMftm^ 

moved along the part or target manually which requires a diffeAenceibetween'm^iripmiifia reference signalsTOTontrol 
significant amount of labor time to measure a part. Any ckcmt^responsive^toHhe'error'si^ 
interruption of the beam by the operator as he or she moves to^theanhase'shiftm^circultno sWthc 
the stylus causes the system to lose track of the range to the 4Q difference»between 'tK^irrpurand^r^nce signa ls^^ht se 
stylus so the system has to restart through a time consuming indieatoHdeviceTesponsive-ttf the drive signal indicates the 
re-referencing procedure. In addition to these problems, phaWdiffe1^c^b%"twe%n the mput and^feren^slgrials. 
tracking interferometers are slow acting and delicate even - In^refe^^rTo'difnent the phase shifting "circuit may 
though they do obtain sufficient accuracy. iriclTfde*a^ The phase shifting circuit may 
Laser radar schemes are much faster, do not require 45 shift the phase of the reference signal with respect to the 
manual operators, are non-contact and require no special input signal, ^tejreontr^l^eircuit may include an integrating 
cooperative target, but they are extremely expensive and feedbaek-eirelat^T^^ analog 
have not been able to achieve the greater accuracy, in the multipker^The control circuit may include a 16w-pass filter 
range of 1 millimeter, desired. There are a number of other for«deteeting*a»«d.ct-level~ which Sgpr^clies zero at quadra- 
problems with laser radar devices. ^^^Jilfre^u'eney 50 tur?!TOerJ35r^ responsive to the 
co^oyents^eTg^ phl^ina icator device for converting the phase difference to 
dftt^rfo^a' ^ ^ ^ a*f3fT^T 

cffi^err^ in ' ^ invention also features a chopped phase detector 



rang e measurem e n t. Tj^ systems^ including a carrier mixer circuit responsive to a chopped 

5h *p rp^me^ electronic"com- 55 carrier input signal and a carrier reference signal to produce 

^^ ^® , ^ !^'^^^ , ^P^ I ^ 011S r -^' s ig aa ^ uToTneTr the a carrier mixer output signal which is a function of the 

fei*L° and * " carrier input and carrier reference signals. A filter circuit 

"• M *~"*^' SUMMARY OF INVENTION extracts the chopped frequency component of the carrier 

mixer output signal. A chopper mixer circuit responsive to 

It is therefore an object of this invention to provide an 60 the extracted chopped frequency component and a chopper 

improved phase detector. reference signal provides a phase measurement signal which 

It is a further object of this invention to provide such an is a function of the phase difference between the carrier 

improved phase detector which is insensitive to component reference signal and the chopped carrier input signal, 

d.c. drift. In a preferred embodiment the filter circuit may include a 

It is a further object of this invention to provide such an 65 bandpass filter for passing the chopped frequency compo- 

improved phase detector which is insensitive to input ampli- nep^y hos^a mpl itu d e tis^^u^ic^of ^e phase difference;^ 

tude fluctuation. ^^^t^c^^^m^^Soo^^^^^^^^^a^y^.Q. offset and 
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rejecting spurious rl. The carrier mixer may include an 
analog multiplexer. The filter circuit may include a bandpass 
filter. The chopper mixer circuit may include an analog 
multiplier. The carrier signal may be at approximately 60 
MHz. The chopped frequency component may be a lower 5 
frequency than the carrier signal. The chopped frequency 
component may be at approximately 700 Hz. The chopper 
mixer circuit may include a low pass filter. There may be a 
phase indicator device responsive to the phase measurement 
signal to indicate the phase difference and a range indicator 10 
device responsive to the phase indicator device for convert- 
ing the phase difference to a range. 

The invention also features a chopped, quadrature phase 
detector system which is usable in a range detector including 
a source of radiation for transmission to a target, a carrier 15 
modulation circuit for modulating the radiation at the first 
frequency and a chopper device for periodically interrupting 
the transmitted radiation at a second frequency. The radia- 
tion detector detects the carrier input signal returned from 
the target. There is a phase detector including a carrier mixer 20 
circuit responsive to the carrier input signal and a carrier 
reference signal to produce an error signal which is a 
function of the phase difference between the carrier input 
signal and the carrier reference signal. A phase shifting 
circuit varies the phase between the carrier input and carrier 25 
reference signal. A chopper mixer circuit responsive to the 
error signal and the chopper reference signal provides a 
phase measurement signal which is a function of the phase 
difference between the carrier reference signal and the 
chopped carrier input signal for driving the phase shifting 30 
circuit to set to quadrature the phase difference between the 
carrier input and the carrier reference signals. A phase 
indicator device responsive to the phase measurement signal 
indicates the phase difference between the carrier input and 
carrier reference signals. 3S 

In a preferred embodiment there is a range indicator 
device responsive to the phase indicator device for indicat- 
ing the range to the target. The carrier mixing circuit may 
include a filter circuit having a bandpass filter for passing the 
chopped frequency component whose amplitude is a func- 40 
tion of the phase difference in the carrier input and carrier 
reference signals and rejecting the d.c. component generated 
by d.c. offset and spurious r.f . The chopper mixer circuit may 
include a low pass filter for detecting a d.c. level which 
approaches zero at quadrature. 45 

DISCLOSURE OF PREFERRED EMBODIMENT 

Other objects, features and advantages will occur to those 
skilled in the art from the following description of a pre- 50 
ferred embodiment and the accompanying drawings, in 
which: 

FIG. 1 is a schematic block diagram of a range detector 
system which utilizes a quadrature phase detector and 
chopped phase detector according to this invention; 55 

FIG. 2 is a schematic more detailed block diagram of the 
phase detector circuit of FIG. 1 prior to return signal delay 
measurement; 

FIG. 3 is a view similar to FIG. 2 after return signal delay 
measurement; 

FIG. 4 is a view similar to FIG. 1 showing the quadrature 
phase detector without the chopped phase detector; and 

FIG. 5 is a more detailed schematic diagram of the system 
of FIG. 4. 65 

This invention may be accomplished by using a typical 
laser radar source suitable for range detection and modulat- 
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ing it at a carrier frequency, and then transmitting it through 
a chopper device to a target. The carrier modulation of the 
radiation beam may be 60 MHz, for example, and the 
chopping or interrupting of the radiation beam may be at 700 
Hz. The return beam is detected and then mixed with a 
carrier reference circuit of 60 MHz and a chopper frequency 
reference of 700 Hz to obtain any difference in phase 
between the output beam to the target and the returning 
carrier input signal. That phase can then be converted to 
range. 

Two innovations are used to reduce the noise and achieve 
extremely high accuracies in the femptosecond range of 
time-equivalent phase differences using conventional elec- 
tronic components and reasonably low, e.g., 60 MHz, fre- 
quency ranges. First, the carrier input signal of the return 
beam is mixed or multiplied with a carrier reference signal 
and the carrier reference signal is driven to quadrature with 
the returning carrier signal input. By driving it to quadrature, 
the d.c. output of the mixer is driven to zero. Thus, instead 
of the necessity for detecting the small signal out of the 
mixer which represents the phase, all that is necessary is that 
the d.c. output of the mixer be detected as at zero. This 
indicates that quadrature has been achieved between the 
reference signal and the input signal. The drive signal 
required to drive the reference into quadrature with the 
return signal then represents the actual phase difference 
which represents the range. Since the dx. output of the 
mixer being sought is a nullity or zero because the reference 
signal has been driven into quadrature, many noise sources 
that may be on the signals are eliminated from the phase 
measurement. Thus sensitivity to input amplitude fluctua- 
tions and mixer gain drifts no longer have an effect. Second, 
the radiation being transmitted to the target is chopped at 
700 Hz. Upon detection of the carrier input signal with the 
return beam, the 60 MHz carrier envelope is detected, but at 
700 Hz instead of the normal d.c. level. Thus the system 
seeks the nullity at 700 Hz rather than at d.c. This effects a 
second noise reduction because now there is no response to 
d.c. offsets since the signal being processed is a 700 Hz 
signal, and there is no response to mixer outputs generated 
by other spurious r.f. signals, for example, at or near the 
carrier band of 60 MHz. Those noise sources too are 
eliminated because the 60 MHz carrier is being monitored at 
700 Hz. These innovations are enhanced by the presence of 
a non-fluctuating input signal which is produced by the 
Feedback Controlled Constant Input Radiation Detector for 
a Phase Detection System by the same inventors, of which 
this is a continuation-in-part. 

There is shown in FIG. 1 a range detection system 10 
which uses a phase detector circuit 12 according to this 
invention. A radiation source 14 such as a semiconductor 
laser diode producing an output beam of approximately 650 
nm wavelength is modulated by a high frequency carrier 
clock 16 to produce a 60 MHz signal 18 to produce a carrier 
10 at output 22 to radiation chopper device 24. Chopper 
device chops the radiation at a very low frequency, for 
example, 700 Hz, to provide a 60 MHz carrier chopped at 
700 Hz as the radiation beam 26 transmitted to target 28, as 
indicated by waveform 30. The return beam of radiation 32 
sensed by radiation detector 34 produces a carrier input 
signal 36 which is delivered on line 37 as the return signal 
to phase detector circuit 12. There it is combined with the 
low frequency reference signal on line 38, which is the 700 
Hz chopper frequency 63; and it is also combined with the 
high frequency reference signal on line 40 which represents 
the carrier frequency of 60 MHz. Phase detector circuit 12 
delivers to phase indicator 41 an output representative of the 
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phase difference between the outgoing beam 26 and the 
return beam 32. This phase difference can then be converted 
by range indicator 42 into the range, R, to the target in a 
well-known fashion, for example, using the expression 

*--*-♦»(*) 

where 6 is the reference delay, c is the speed of light, f is the 
modulation frequency, and n is an integer ambiguity variable 
cre ated by the 2jt phase ambiguity of the integral. 10 

The-operation may b^ rietterimderetbod with respect to- 
FIGr27wK&re-phase--detect6r circuit 12 has been shown in 
greater -detail. Return-signal~36 on~line-37~is-submitted-to 
mixer or multiplier 50, where it is combined with signal 18' 
from variable delay line 52 derived from t he hig h frequency 15 
60 MHzjr_eference_ signal 18 on line ffl.jThe output 18' oV 
variable delay line 521rrthis~depicti6n Tin FIG. 2 before any 
adjustment has been made-is exactly the same signal 18 as 
was submitted to variable delay line 52. When beat together 
in mixer or multiplier 50 with carrier input signal 36, which 20 
is also at 60 MHz but chopped at 700 Hz and shifted 
somewhat because of its delayed course to the target and 
back, this, results in a 120 MHz signal 56 chopped at 700 Hz 
and with a d.c. oflset 58. Signal 56 is put through bandpass 
filter 60 which removes the high frequency portion and 25 
leaves only the 700 Hz envelope as indicated by the wave- 
form of signal 62. This is beat with the low frequency 700 
Hz reference signal on line 38 in mixer or multiplier 64. The 
output of this on line 66, signal 68, is double the frequency, 
or 1400 Hz, and still possesses the same d.c. oflset 58.|TrIis^ 30 
signaTis put through low pass filter 70 which blocks~the 
140 0 Hz si gnal, producing-only~a~d.c. level 72 wfiich^ 
represents the d.c. offset 58 or indicatipn of phase difference 
betweeiTthe Inference 18 and the carrier jnput signal 36 
submitted tbHmultiplieFSOrA conventional integrating feed- 35 
back loop 74, typically employed for stability, provides a 
signal representative ofthatd.c. oflfe^^phasejdifference to 
variable delay line 52. /That signaTdrives variable delay line 
52 to s m'ffits output~18' so that it is not in phasewith carrier 
input signal 36 but is in quadrature. That isTassuming carrier 40 
input signal 36 is a sine wave, adjusted reference signal 18' 
would be a cosine wave adjusted 90° out of phase with it. 
PHase^etectbTcircuit 12 then operates as shown in FIG. 3.. 

When this adjustment is made through variabl^delay line 
52, FIG. 3, its output now shifts its phase so that when the 45 
signal 18'a is mixed with the returning carrier input signal 36 
in multiplier 50, the output waveform 56a no longer has a 
d.c. offset. After submission to bandpass filter 60 the output 
now, instead of having a 700 Hz variation, is simply at zero 
as indicated by 62a. When this is mixed with the low 50 
frequency signal on line 38 in the form of 700 Hz reference 
signal 63 in multiplier 64, the output is no longer a 1400 Hz 
varying offs et voltage; rather, it is zero as indicated at 68*2. 
Thus the output of low pass filter ^ 70"isaEo^ze7o^72HTaird'trie^ > 
signarfc-be : fed L ba^ integrating feedback loop 74 55 

to variable delay line 52 is" stabilized. The signal, 200, that 
was required from integrating feedback loop 74 to variable 
delay line 52 to shift the high frequency reference 18'a into 
quadrature with the carrier input signal 36 on line 37 
represents, i.e., is proportional to, the phase difference 60 
between the reference and the carrier input signal. /This? 
phase-o^ffcTcnce-^^ 
andin, arrange detecticirs^tel^ 

ted to range indSfor42~tb^alculate the range as previously^ 
explainecj?' 65 

Although thus far the invention is shown as uses both 
quadrature and chopping, this is not a necessary limitation of 
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the invention. Either of these two approaches may be used 
separately to provide a significant reduction in noise and 
consequent gain in resolution. For example, as shown by 
range detection system 106, FIG. 4, radiation source 146, 
signal 206, its output 22b, sent directly to target 28b without 
first going through any chopper device. The reflected radia- 
tion then, as it returns to radiation detector 346, is presented 
strictly as the carrier signal 366 with no interruption or 
chopping feature. Thus phase deTe^tol r circuiri26" receives ; 
no~low~frequency reference input and" simply drives the 60' 
MHz carrier signal to quadrature with the returhmgcarrier 
input signal and detects the zero d.c. mixer output level as 
before, as shown in FIG. 5, where now the return signal 366 
on line 376, FIG. 5, is not chopped at 700 Hz and the output 
566 from jnultiplier 506 is]mT(i6uble~frl£qu^cyi20 MHz > 
sign^linchopped, which is delivered directly to low pass' 
filter 706. Referring to FIG. 3, in a similar fashion, the 
chopper device can be retained and the quadrature feature 
could be omitted with the result that some but not all of the 
noise and interference would be eliminated. 

Although specific features of this invention are shown in 
some drawings and not others, this is for convenience only 
as each feature may be combined with any or all of the other 
features in accordance with the invention. 

Other embodiments will occur to those skilled in the art 
and are within the following claims: 

What is claimed is: 

1. A quadrature phase detector comprising: 

a mixer circuit responsive to an input signal and a 
reference signal to produce an error signal which is a 
function of the phase difference between said input 
signal and reference signal; 

a phase shifting circuit for varying the phase difference 
between said input and reference signal; 

a control circuit responsive to said error signal, for 
providing a drive signal to said phase shifting circuit to 
set to quadrature the phase difference between said 
input and reference signals; and 

a phase indicator device responsive to said drive signal to 
indicate the phase difference between said input and 
reference signals. 

2. The quadrature phase detector of claim 1 in which said 
phase shifter circuit includes a variable delay line. 

3. The quadrature phase detector of claim 1 in which said 
phase shifter circuit shifts the phase of the reference signal. 

4. The quadrature phase detector of claim 1 in which said 
control circuit includes an integrating feedback circuit. 

5. The quadrature phase detector of claim 1 in which said 
mixer circuit includes an analog multiplier. 

6. The quadrature phase detector of claim 1 in which said 
control circuit includes a low pass filter for detecting a d.c. 
level which approaches zero at quadrature. 

7. The quadrature phase detector of claim 1 further 
including a range indicator device responsive to said phase 
indicator device for converting said phase difference to a 
range. 

8. A chopped phase detector comprising: 

a carrier mixer circuit responsive to a chopped carrier 
input signal and a carrier reference signal to produce a 
carrier mixer output signal which is a function of the 
phase difference of the carrier input and carrier refer- 
ence signals; 

a filter circuit for extracting the chop frequency compo- 
nent of the carrier mixer output signal; and 

a chopper mixer circuit, responsive to said extracted chop 
frequency component and a chopped reference signal, 
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to provide a phase measurement signal which is a 
function of the phase difference between the carrier 
reference signal and the chopped carrier input signal. 

9. The chopped phase detector of claim 8 in which said 
filter circuit includes a band pass filter for passing the chop 
frequency component whose amplitude is a function of the 
phase difference and rejecting the d.c. component generated 
by d.c. offset and spurious r.f. 

10. The chopped phase detector of claim 8 in which said 
carrier mixer includes an analog multiplier. 

11. The chopped phase detector of claim 8 in which said 
filter circuit includes a bandpass filter. 

12. The chopped phase detector of claim 8 in which said 
chopper mixer circuit includes an analog multiplier. 

13. The chopped phase detector of claim 8 in which said 
carrier signal is at approximately 60 MHz. 

14. The chopped phase detector of claim 8 in which said 
chop frequency component is a lower frequency than the 
carrier signal. 

15. The chopped phase detector of claim 8 in which said 
chop frequency component is approximately 700 Hz. 

16. The chopped phase detector of claim 8 in which said 
chopper mixer circuit includes a low pass filter. 

17. The chopped phase detector of claim 8 further includ- 
ing a phase indicator device responsive to the phase mea- 
surement signal to indicate the phase difference. 

18. The chopped phase detector of claim 17 further 
including a range indicator device responsive to said phase 
indicator device for converting said phase difference to a 
range. 

19. A chopped, quadrature, phase detector system com- 
prising: 

a source of radiation for transmission to a target; 

a carrier modulation circuit for modulating said radiation 
at a first frequency; 

a chopper device for periodically interrupting the trans- 
mitted radiation at a second frequency; 



20 



25 



30 



35 



a radiation detector for detecting the carrier input signal 
return from the target; 

a phase detector including a carrier mixer circuit respon- 
sive to the carrier input signal and a carrier reference 
signal to produce an error signal which is a function of 
the phase difference between said carrier input signal 
and carrier reference signal; 

a phase shifter circuit for varying the phase between said 
carrier and carrier reference signals; 

a chopper mixer circuit responsive to said error signal and 
a chopper reference signal to provide a phase measure- 
ment signal, which is a function of the phase difference 
between the carrier reference signal and the chopped 
carrier input signal, for driving said phase shifting 
circuit to set to quadrature the phase difference between 
said carrier input and carrier reference signals; and 

a phase indicator device responsive to said phase mea- 
surement signal to indicate the phase difference 
between said carrier input and carrier reference signals. 

20. The chopped quadrature phase detector system of 
claim 19 further including a range indicator device respon- 
sive to said phase indicator device for indicating the range 
to the target. 

21. The chopped quadrature phase detector system of 
claim 19 in which said carrier mixer circuit includes a filter 
circuit having a bandpass filter for passing the chop fre- 
quency component whose amplitude is a function of the 
phase difference in the carrier input and carrier reference 
signals and rejecting the d.c. component generated by d.c. 
offset and spurious r.f. 

22. The chopped quadrature phase detector system of 
claim 19 in which said chopper mixer circuit includes a low 
pass filter for detecting a d.c. level which approaches zero at 
quadrature. 
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